2009 1 ( ) [20 ] 2009. 9. 29.
1.[6 1] . 4.[4 ]
(@ (statics)’ , (dynamics) . AB 1260 N AC
(solid mechanics) 1800 N
(b)

(c)
1 ft = 0.3048 m,
60 mph(miles per hour)

1 mile = 5280 ft
km/h ?

2.[2 ] Draw a free-body diagram of pulley C of
the problem shown below.

3[4 ] . B

BC
(a) (rectangular components)
(b) (force triangle)

(@ AB AC A
(b) AB AC A
5.[4 ]
, 30°
|
II L ]
PR -
" e o H
= |
IE L
@ AD A
(b) T,p = 305 N, Ty, =

10.6 N, 7,, = 305 N ,

1. (b ,
3. Ty, = 8100 N
4. (a) Fas = (=955 N)i +(478 N)j + (669 N)k
Fac = (-1200 N)i +(600 N)j +(-1200 N)k
(b) R = 2470 N,
6, = 150.9°, 0, = 64.1°, 6, = 102.4°
5.(a) A,, = 0.383 i + 0.866 j - 0.321 k
(b) W = 62.0 N

(c) 96.6 km/h



2009 1 ( ) [20 ] 2009. 9. 30.
1.[6 1] :
(@ (engineering)' , , Yy 15m g
, - om” J
2 m 1.8 m ¢
(b) (equilibrium) , 5::_I5_1 Lo
0 . ( ) 'ﬂ- 400kg | 3 m
’ . 18 m €T
3 ]
@) AB AC A
(c) :
1 Ib = 0.4536 kdgf, g = 32.2 ft/s® (b) AB AC A
180 N Ib ?
2.[2 ] Draw a free-body diagram of point A of | 5.[4 ] B, C D
the problem shown below if the boom AE exerts , A P
on pulley A a force directed along the boom. AB, AC AD
A
|
l=
|
D~ — 4 ' & 24 cm’
1.. Id‘. E [ )
GQ G _-' kM 1 .!.' 4.8 cm
4.8 cm : - :-"" ;
3.6 cm
55 cm -
3[4 1] c |
@) AD A
P 341 N . . .
- (direction cosine) .
[0 i
(b) AB 47.0 N, AC 29.5
' N, AD 53.2 N , P
(a) (rectangular
components) i
(b) (force triangle) 4
e |
4.[4 ] 400 kg AB AC 1. (c) 40.5 Ib
, =] 3. 7T=280N, «a=75°
AB 2804 N 4. (@) Fag = (-261 N)i + (2180 N)j + (1744 N)k
AC 2476 N Fac = (-209 N)i +(1744 N)j + (-1744 N)k

(b) R = 3950 N,
0, = 96.8°, 0, =6.45° 0, =90°
5. (@) cosf, = cosf, = 0.667, cost/, = 0.333
(b) 90.0 N



2009 1 ( ) [20 ] 2009. 9. 29.
1.[6 ] 414 ] 350 N A
@ (mechanis)’ , g 25°
- , P Q
(b) (particle) (equilibrium) , "
1 ( ) (statics)
(dynamics) 3
(©) . ’
1 b = 0.4536 kgf, g = 32.2 ft/s® _
' ( )
45 b N 2 -\
P
2.[2 ] Draw a free-body diagram of point A of | (a) (rectangular components)
the problem shown below if the pole AE exerts | (b) (force triangle)
on point A a force directed along the pole.
E
. " . 5.[4 ]
, a 0.075 m
D E /2 G '
1g
0.3
3[4 1 (barge) (tugboat) m
B .t :
7500 N ’ >
L
1 4ot 0.2 m
-t-__!il-"' 0.1 m
i 5l 25°
IS @ a0 s
' g (direction cosine) .
B (b) AD 31.5 N, BD cD
o 28.4 N ,
(a) o 40° , 1 A
2 B
() 2 1. (c) 200 N
@ ' 3. (@) F1 = 5320 N 25°, F, = 3500 N 40°
(b) a = 65°, 77 = 6800 N, 7, = 3170 N
4. 149.1 N
5. (@) cosfl, = 0.308, cosf, = 0.923,

cosd, = -0.231
(b) 78.6 N



2009 1( )

1. (a)
(b) :
. 280 f .304
(c) 60 mph = 60 miles/hour x 2250 It 03048 m _ genqh m/h = 96.6 km/h
1 mile 1 ft
2.
T
T T1
50° 30°
Q
3 () B P, = 1290 N
Typ Y 0,5 = tan‘l% = 30.51°
1 12
0 = 1 -2 _ °
AB B ) . Opc = tan 788 22.62
C
2F, =0; Tpocosbp- - T,5 cosb,, =0
% sinf 5 + % €0S6 45
Tpe (Sinf 45 €cOSO 5 — €COSO 45 SINlp) — Py cOSO,p =0
cos 0 5
TBC - PE sin@ABCOSHBC* COS@ABSiHHBC
_ cos 30.51° _
= (1290 N) e 51 005 22.62° — cos 3051 sin22.62° ~ 0% N
Tye = 8100 N
(b)
a =90° - 0,5 = 90° - 30.51° = 59.49°
B =0, - 0o = 30.51° - 22.62° = 7.89°

sina _ sinf _ sina _ sinb9.49 °

= Tpeo = Ppg sind (1290 N) SinT89° 8096 N

Ty = 8100 N



4. (@) Ty, = 1260 N, T, = 1800 N
V(=10.0m)>+ (5.0m)?+ (7.0 m)?> = 13.191 m

Ay = ﬁ[(-lo.o m) i + (5.0 m) j + (7.0 m) k] = -0.758 i +0.379 j + 0.531 k
Fas = T4 Asp = (1260 N) (-0.758 i +0.379 j + 0.531 k)
= (-955 N) i +(478 N) j + (669 N) k

dyp =

dyo = V(=100m)’+ (5.0m)’+ (—10.0m)*> = 15.0 m
L [(-100 m) i +(5.0 m) j + (~10.0 m) K] = -0.667 i + 0.333 j — 0.667 k

Aic = 15.0 m
Fac = T4e Aye = (1800 N) (-0.667 i + 0.333 j - 0.667 k)
= (-1200 N) i +(600 N) j + (-1200 N) k

(b) R = Fas + Fac
= [(-955 N) i +(478 N) j + (669 N) K] + [(-1200 N) i +(600 N) j + (~1200 N) K]

= (-2155 N) i +(1078 N) j + (-531 N) k

R= R+ R+ R?> = V(-2155N)* + (1078 N)* + (=531 N)* = 2467 N

R = 2470 N

9. = cos™ o cost — 215N _ cos (-0.8735) = 150.9°

v R 2467TN ' - '

9, = cos™" A cost 0T8N cos™(0.4370) = 64.1°

v R 2467 N ' ST

0., = cos™ Ao cost D3N _ cos1(-0.2152) = 102.4°

@ R 2467TN ' - '

5. (@) (T4p), = T4p c0s30°, (T,p), = T, Sin30°
(Tup), = (Typ), sinb0°, (T4p), = =(T4p), cos50°

TAD = (TAD)yj + (TAD):I: i + (TAD>Z k
= T4, [€cos30° j + sin30° (sin50° i - cos50° k)]
Ayp = €0s30° j + sin30° sin50° i - sin30° cos50° k = 0.383 i + 0.866 j - 0.321 k

(b) (Tpp), = Tpp cos30°, (T¢p), = T¢p COS30°
SF,=0; (Typ), + (Tpp), + (Tep)y, + (-W) =0
W= (Typ), + (Tpp), + (Tep),
= (Typ + Tpp + T¢p) cos30°
[(30.5 N) + (10.6 N) + (30.5 N)] cos30° = 62.0 N



2009 1( )

1. (a)
[design] [production]
1 L L b / b b L
(b) ; :
11
(c) 180 N = 180 kgm/s® x (1 1b) — =405 Ib
(0.4536 kg) < (9.807 m/s?)
2.
T
Z
=550
F T
v
3. Tew= Top=T, P=341N, pj3=230° ~=45°
Yy
(a) Tea
P >F, = Tpy Sing + Tpp siny — P coSa =
2F, = T¢y cosfB - Tep cOSy — P sina =0
a X
Y ) o
P T T (sing + siny) = P cosa
e T (cosp - cosvy) = P sina
2 + 2
T* [(sing + siny)® + (cosf - cosy)’] = P?
T2 = p? _ (341 N)?
(sinB+siny)?* + (cos f— cosy)? (sin30° +sind5° )* + (cos30° —cosd5° )?
= 78443 N? 7 =280 N
N _cosf3—cosy _ cos30° —cosd5®
’ tana = sinf+ siny  sin30° +sin45° 0.13165
o = tan™'(0.13165) = 7.5°
(b)
9, = B8 + ~ = 30° +45° = 75°
P? = T2 + Th -2 Tpy Tep cOSH,
=T+ T? -2 T?cosh, = T* (2 - 2 cosh,)
2 2
7% = i = (341 N) = 78443 N? 7 = 280 N

2 (1 — cosf,) 2(1—cos75°)
6, = 0, = % (180° - 6,) = % (180° - 75°) = 52.5°

a =90° - (f + 6,) = 90° - (30° + 52.5°) = 7.5°



T,;=2804 N, T,.=2476 N, m, = 400 kg

@ dyp= V(=18m)*+ (15m)°+ (12m)’

_ 1 B . . _ . .
Mip = Ty597 - [(-18 m) i + (15 m) j + (12 m) K] = -0.0933 i +0.7774 j + 0.6220 k
Fas = 745 Asp = (2804 N) (-0.0933 i +0.7774 j + 0.6220 k)

= (-261 N) i + (2180 N) j + (1744 N) k

19.294 m

die= V(E18m)P+ (15m)2+ (—15m)? = 21.29 m

Ao = m[(-m m) i +(15 m) j +(~15 m) k] = -0.08455 i + 0.7046 j - 0.7046 k

Fac = T4 Aye = (2476 N) (-0.08455 i + 0.7046 j - 0.7046 k)
= (209 N) i + (1744 N) j + (-1744 N) k
(b) W = -(400 kg)(9.806 m/s?) j = -3922 N |

R = Fag + Fac
= [(-261 N) i +(2180 N) j +(1744 N) k] + [(-209 N) i +(1745 N) j +(-1745 N) K]

= (=470 N) i + (3925 N) j

R= R + R+ R? = /(=470N)*+ (3925 N)* + (0)* = 3953 N

R = 3950 N
R, 1 — 470N 1
f, = cos = COS T ooma = Cos (-0.1189) = 96.8°
R 3925 N
— -1 -1 — -1 — °
¢, = cos 7 cos 3050 N cos 7(0.9937) = 6.45
-1 Rz -1
6, = cos 7 cos (0) = 90°

5.() dpy = vV(@8em)’+ (4.8cm)*+ (24em)’ = 7.2 cm
1

= . i +(4. i +(2.
Apa "3 om [(4.8 cm)i +(4.8 cm)j +(2.4 cm)K]

= 0.66667 i +0.66667 j + 0.33333 k = cosf, i +cosf, j + cosf, k
cosf, = cost, = 0.667, cosf, = 0.333

— - _1 a— o — _l u— [e)
(6, = 0, = cos™(0.66667) = 48.2°, ¢, = cos '(0.33333) = 70.5°)

(b) Fyy =470 N, Fpoy =295 N, Fp,; =532 N
\/(— 5.5 cm)2+ (4.8 cm)2+ (0)2 = 7.3 cm

(dBA)y 4.8 cm
(FBA)y = Fpy o = (47.0 N) 73 om

dgs =

=309 N

V(0)*+ (4.8cm)?+ (—3.6cm)? = 6.0 cm

deg =
(dCA)u 4.8 cm
(Feu)y = Feu o T (29.5 N) -~ =236 N

(dpa),
(Fpa), = Fpy % = (53.2 N) (0.66667) = 35.5 N
' DA

SF, =05 (Fpa), + (Fey), + (Fpy), + (-P) =0
P = (Fy), + (Foy), + (Fpy), =(30.9 N) + (23.6 N) + (35.5 N) = 90.0 N



2009 1( )

1. (a (mechanics)

(engineering) ,
(b) : 0 ¢ )

(0.4536 kg) < (9.807 m/s?)
11lb

(c) 45 Ib = 45 |b x = 200 kg-m/s®> = 200 N

\ TAC

Tao Fea

3. 6 =25° P =7500 N

sina _ sinf _ sinfd
.~ 1, ~ P T
(@ a = 40° g oy
Fi=-T:, Fo=T: ¢ P //ﬁ/’//'
9 = 180° - (a + f) T2 0 -~
= 180° - (40° + 25°) = 115°
T, =P 211?13 = (7500 N) % = 5319 N F, = 5320 N  25°
7, = P8~ (7500 Ny S1B25 3497 N F, = 3500 N 40°
sinf sinl1b
(b) 6 = 90°

a = 180° - (f + B) = 180° - (90° + 25°) = 65°
T, = P sina = (7500 N) sin65° = 6800 N
7, = P sing = (7500 N) sin25° = 3170 N



4. (@ W=35N, T,,=P, =25

5.

y Tas
P Ths SF

=27, sing — P cosa =0

\ﬂ >F,=2T,5 cOSB + P sina - W=0
«
xr

P (2 sing - cosa) =0
P (2 cosp + sina) = W
o = cos'(0.8452) = 32.3°

vW
cosa = 2 sing = 2 sin25° = 0.8452

= 4 _ 350 N _
P = o shtsina - 20325 tsimszas - 91N

(b)
sing _ sin(90° —a)
P 2T, 5
sin(90°-«) = 2 sing = 2 sin25° = 0.8452
90°-a = sin™'(0.8452) = 57.7°
o = 90°-57.7° = 32.3°

sinB _ sin(90° — B+ «)
P w

_ sinf _ sin25°
r=w sin(90° — B+a«) (350 N) sin(90° — 25° + 32.3°)

= 1491 N

TAD

a = 0.075 m
@ dyp = V(0.1m)?+ (0.3m)>+ (—0.075m)> = 0.325 m
1 . .
App = 5355 (011 + 0.3 ] - 0.075 k) a
= 0.3077 i + 0.9231 j - 0.2308 k Teo

cosf, = 0.308 (0, = cos™(0.3077) = 72.1°)

cosd, = 0.923 (4, = cos™(0.9231) = 22.6°)

cosf, = -0.231 (6, = cos *(-0.2308) = 103.3°) W

(b) T,, =315N, Ty, = Tpp = 284 N
= V(=02m)?+ (0.3m)>+0 = 0.3606 m

1 . . . .
= ———(-0. + 0. = -0. + 0.
Xip = a0 (-0-2 1+ 03 ) = -0.5547 i + 0.8321 ]

(Tup), = Tup (A\ap), = (31.5 N) (0.8321) = 26.2 N
(Tpp)y = Tup (pp), = (28.4 N) (0.9231) = 26.2 N

V(0.1m)2+ (0.3m)2+ (0.075 m)>

Acp 0 ;25 (0.1i+03j+ 0.075 k) =0.3077 1+ 09231 j + 0.2308 k
(Tep), = Tep (Aep), = (28.4 N) (0.9231) = 26.2 N
ZFy =0; (TAD)y + (TBD)y + (TC'D)y + (_W) =0

W= (Tup), + (Tp), + (Tep), = (262 N) + (26.2 N) + (26.2 N) = 78.6 N

0.325 m

dep =




